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successful  of  the  three  methods,  detecting  or  locating  the  targeted  geologic 
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of  certain  man-made  features  that  Interfered  with  the  collection  of  usable  data. 
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PREFACE 


This  study  was  authorized  In  a first  endorsement  dated  ">2  September 
1975  to  a letter  from  the  Director,  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES),  to  the  Division  Engineer,  U.  S.  Army  Engineer 
Division,  Lower  Mississippi  Valley  (I/IVD),  dated  12  April  1975- 

The  conduct  of  this  study  was  accomplished  by  Messrs.  W.  L.  Murphy 
of  the  Engineering  Geology  and  Rock  Mechanics  Division  (EGRMD),  Soils 
and  Pavements  Laboratory*  WES;  Don  Douglas  of  the  Earthquake  Engineering 
and  Vibrations  Division,  Soils  and  Pavements  Laboratory,  WES;  and 
Kenneth  Holloway,  Geology  Section,  Foundations  and  Materials  Branch, 
LMNEr>-FE.  The  report  was  prepared  by  Mr.  Murphy.  Direct  supervision  of 
this  study  was  provided  by  Mr.  W.  B.  Steinriede,  Chief,  Geology  Breuich, 
EGRMD.  General  supervision  was  provided  by  Mr.  Don  C.  Banks,  Chief, 
EGRMD,  and  Mr.  Jemes  P.  Sale,  Chief,  Soils  and  Pavements  Laboratory. 

Director  of  WES  during  the  conduct  of  this  study  was  COL  John  L. 
Cannon,  CE.  Technics^.  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASURBMHJT 


U,  S.  customary  units 
verted  to  metric  (£l) 
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SUBSURFACE  EXPLOMTION  IN  ALLUVIAL  TERPAIN  BY 


SURFACE  geophysical  MED^ODS 

PART  I ; INTROIKJCTION 

Backgroxwd 

1.  Restraints  caused  by  urbanization  and  environnjental  concern 
have  led  to  increasing  emphasis  on  the  use  of  remote  sensing  an'  low- 
energy  surface  and  subsurface  exploration  systems  in  Corps  foundation 
investigations  and  construction  material  surveys.  The  increasing  cost 
of  borings  is  often  the  basis  for  use  of  widel^'-spaced  borings  in  pre- 
construction foundation  invest igf.ticns  with  subsequent  loss  of  detail 
regarding  subsurface  conditions.  The  use  of  surface  geophysical  tech- 
niques to  obtein  subsurface  data  o.‘*fer8  a laeeuis  of  economically  supple- 
menting limited  borehole  investigation  and  of  aiding  in  more  efficient 
placement  of  borings.  Resistivitv  und  seismic  refraction  methods  ajre 
being  used  for  various  investigative  purposes  in  upland  areas  and  in 
areas  containing  hard  rock  materials.  There  is  little  reference  in  the 
literature,  however,  to  applications  in  alluvial  and  deltaic  areas  In 
these  ar-nas  soils  sure  variable  both  laterally  and  vertically,  may 
contain  appreciable  amounts  organic  liietter,  und  often  are  charac- 
terized by  shallow,  even  surface-exposed,  groundwater  conditions. 

2.  Urban  areas  also  have  features  that  affect  the  acquisition  of 
subsurface  data.  Constraints  on  high-enargy  geophysical  methods  such  as 
explosive  seismic  techniques  are  expected  in  cities , a problem  that  can 
be  overcome  by  use  of  the  hammer  seismic  device.  Urban  areas  also 
contain  anomalies  in  the  form  of  rail  lineo,  buried  and  overhead 
electrical  cables,  sewer  lines,  aiid  fences  that  affect  either  seismic 
signals  or  electrical  current  patterns.  The  capability  of  seismic  and 
resistivity  surveys  to  operate  effectively  under  these  circumctances 
should  be  demonstrated. 
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?i.  The  New  Orleans  District  of  the  Lover  Misrissippi  Valley 
Division  (LMVD),  J.  S.  Army  Corps  of  Er*gineers,  provides  a variety  of 
projects,  such  as  levee  and  drainage  structure  locations  and  setbacks, 
lock  investigations,  location  of  construction  materials,  and  routine 
maintenance  of  flood  control  and  other  structures  in  diverse  hydrologic 
surd  geologic  conditions  in  which  surface  geophysical  methods  can  be 
investigated  and  procedures  developed. 

Punrose  and  Scope 

1*.  This  study  investigated  the  effectiveness  of  seismic  refrac- 
tlrn  using  a hammer  source  and  surface  electrical  resistivity  methods  in 
determining  the  presence,  depth,  and  characteristics  of  subsurface 
geologic  features  in  an  alluvial  terrain.  The  study  also  investigated 
the  ability  of  these  techniques  to  function  in  an  urban  environment. 

The  equipment  used  was  limited  to  a single-channel,  signed -enhancement 
refraction  seismograph  and  a direct-current  resistivity  meter.  The  two 
systems  were  used  to  obtain  cutuplementaury  data  at  each  of  four  sites. 

The  geologic  materials  encountered  were  all  unconsolidated,  dry  to 
saturated,  and  ranged  from  clays  through  sands  and  gravels. 


PART  H:  SITES.  BQUIPMEHT,  AMD  METHODS 


Description  of  Sltea 

5.  Geophysioal  surveys  were  run  at  four  sites  In  the  Mew  Orleans 
District  and  attempted  at  one  other  site.  Figure  1 shows  the  general 
locations  of  the  four  sites.  The  first  s e is  on  the  left  bank  of  the 
Old  River  outflow  channel,  west  of  the  Old  River  Control  Structure,  in 
the  Fort  Adams  and  Turnbull  Island  7-1/2  minute  quadrangles.  The 
target  at  this  site  was  a buried  clay  plug  filling  a portion  of  an 
abandoned  Mississippi  River  channel.  'Rie  second  site  is  near  the 
proposed  location  for  Lock  and  Dam  No.  3 on  the  Red  River  in  central 
Louisiana,  located  in  the  Boyce.  Louisiana,  quadrangle.  Surveys  there 
attempted  to  .locate  the  contacts  between  the  point  bar-backswaiqp  system 
of  the  Red  River  and  the  upland  Pleistocene  terrace  deposits.  An 
attempt  was  also  mode  to  determine  the  depth  to  the  underlying  Tertiary 
bedrock. 

6.  The  third  site  is  in  north-central  New  Orleans  along  the  west 
levee  of  the  Metairie  Outfall  Ceuial.  The  site  is  located  in  the  Spanish 
Fort  and  New  Orleans  East  quadrangles.  An  ancient  burled  beach  has  been 
mapped  previously  in  this  vicinity  and  the  geophysical  investigation  was 
directed  toward  finding  the  southern  edge  of  the  beach  and  determining 
the  depth  to  its  top.  An  alternate  site  on  the  Inner  Harbor  Navigation 
Canal,  New  Orleans,  containing  the  burled  beach  was  also  visited,  but 
the  existence  of  certain  man-made  structures  at  the  site  made  it  inpos- 
sible to  collect  usable  data,  as  discussed  in  Part  III  of  this  report. 
The  fourth  site,  located  in  the  New  Orleans  Vest  quadrangle,  is  along  a 
recently  cltai-ed  railroad  right-of-way  on  Nine  Mile  Point,  south  of  the 
Mississippi  River.  The  geologic  section  consists  of  point  bar  to  the 
north,  contjujting  backswanp  materials  to  the  south,  overlain  partially 
by  natural  levee  deposits.  The  object  of  the  surveys  there  %ra.8  to 
locate  the  contact  between  point  bar  and  backswamp  materials , determine 
the  thickness  of  natural  levee  deposits,  and,  if  nossible,  detect  the 
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contact  with  the  underlying  Pleistocene  deposits  at  depth.  Detailed 
locations  and  descriptions  of  these  sites  are  given  in  Part  III. 

Equipment 

7.  The  seismic  refraction  surveys  were  run  with  a Bison  Model 
13T5B  single>channel  signal-enhancement  seismograph  with  strip-chart 
recorder  (Figure  2).  The  system  uses  a single  geophone  to  receive 
seismic  signals  generated  by  striking  a metal  plate  on  the  ground  with  a 
sledge  hanoer.  A l6-lb*  hammer  and  a steel  striking  plate  were  used  for 
all  the  seismic  surveys  ir.  this  study.  Signal  arrival  times  are  read  to 
the  neai*ebt  tenth  of  a millisecond.  The  geophone  amplifier  gain  can 
select  from  0 to  99  decibels  (db)  in  1 db  increments.  A Keck  Model  IC- 
69  direct-current  resistivity  meter  was  used  in  the  electrical  survey j 
(Figure  3).  The  resistivity  meter  draws  up  to  UOO  microsrperes  while 
opeiating  and  gives  a reading  in  ohms  to  the  nearest  thousandth  ohm. 
Power  for  the  Msistivity  determination  is  supplied  by  four  45-volt  dry 
cell  batteries  connected  in  series  by  a switch  to  allow  use  of  one  or 
mo  e batteriee  at  a time.  Dirrent  electrodes  eure  copper-clad  steel 
stakes.  Porous  ceramic  pots  filled  with  copper  svilphate  are  used  as 
potent iad  electrodes. 

Seismic  Interpretation  Methods 

6.  The  seismic  surveys  were  Interpreted  uring  standard  seismic 
(conpressional  wave)  velocity  and  time  intercept/ critical  distance 
equations.  Signal  arrival  times  were  determined  on  the  seismograph 
oscilloscope  and  plotted  on  linear  graph  paper  for  each  hanuoer  iinpact 
station.  resulting  time-distance  curves  yielded  depths  to  inter- 

faces between  layers  of  different  seismic  velocity,  seismic  velocities 
of  the  various  layers,  and  dip  cf  tlu  contacts.  Reversed  profiles  were 
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run  when  necessairy  to  detect  dipping  contacts.  The  reader  is  referred 

to  the  many  texts  on  the  refraction  seismic  technique  for  explanation  of 

t e theory  and  derivation  of  the  equations  (see,  for  example,  Dobrin,"^ 

2 3 I4 

Chapter  5;  Redpath  ; Mt-sgrave,  Section  5;  Zohdy , pages  67-61*;  and 
Mooney^ ) . 


Resistivity  Interpretation  Methods 

9.  Two  kinds  of  resistivity  surveys  were  run  for  this  study.  A 
resistivity  sounding  was  run  about  a fixed  centreLL  point  to  determine 
changes  with  depth,  and  a resistivity  profile,  in  which  the  entire 
electrode  array  is  moved  along  a line,  was  run  to  determine  lateral 
changes.  Thi  Schlumberger  array  was  selected  for  the  sounding  surveys 
because  the  arraj'  allows  recognition  of  the  presence  of  lateral  inhano- 
geneities  eind  because  field  procedures  in  sounding  are  faster  with  it 
than  with  the  Wenner  array.  The  Wenner  array,  on  the  other  hand,  is 
simpler  to  use  in  a profiling  survey  because  its  electrode  spacings  are 
equal.  Field  procedures  for  applying  the  various  arrays  are  discussed 
below.  Soxmdings  were  interpreted  by  the  curve  matching  teclinique,  in 
which  field  plots  of  apparent  resistivity  versus  electrode  spacing  are 
matched  against  master  ciu-ves.  The  field  and  master  curves  are  matched 
directly  when  possible  and  otherwise  by  the  use  of  auxiliary  curves. 

The  master  curves  are  mathematically  derived  curves  of  apparent  resis- 
tivity versus  electrode  spacing  representing  a variety  of  ideal  sub- 
surface conditions.  The  curves  used  in  this  study  are  those  of  Orellana 
and  Mooney,^  plotted  on  a modulus  of  62.5  mm/ cycle.  Field  curves  were 
plotted  on  double  logarithmic  graph  paper  of  identical  scalLe  obtained 
from  Aerni-Leuch,  Bern,  Switzerland,  Number  551-  True  resistivities  and 
depths  to  layers  of  contrasting  resistivities  can  be  computed  by  the 
curve  matching  process  (Orellana  and  Mooney,^  Part  III).  The  resis- 
tivity profile  data  were  interpreted  qualitatively  by  analysis  of  the 
shape  of  the  field  curve.  Part  III  of  this  report  demonstrates  the 
interpretation  procedures.  The  reader  should  see  the  following  refer- 
ences for  theoretical  considerations  and  further  field  applications  of 
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resistivity  methoas-  Orellana  and  Mooney  ; Keller  and  Frischknecht  ; 
Dobrin,^  Chapter  ITi  Zohdy,^  pages  5-63;  and  Vein  Nostreind  and  Cook^. 

Refraction  Seismic  Field  Procedures 


10.  The  seismograph  and  strip-chart  recorder  are  set  up  in  the 
hack  of  a carryall  or  similar  vehicle  for  protection  from  the  weather. 
The  geophone  is  implanted  into  firm  ground  in  a level  position  at 
station  zero  near  the  seismograph.  A cable  connects  the  geophone  with 
the  seismograph.  Ruled  tapes  for  positioning  the  hammer  stations  are 
laid  out  in  opposite  directions  from  station  zero.  Another  cable 
connects  the  hammer  trigger  switch  to  the  seismograph.  For  the  inves- 
tigation, hammer  stations  were  run  usually  at  5- ft  spacings  out  to 

100  ft , and  then  at  10-  or  20- ft  spacings  out  to  the  maximum  distance  at 
which  usable  signals  were  obtained.  The  short  initial  spacings  allow 
better  definition  of  shallow  features  such  as  soil  interfaces,  the 
weathered  zone,  and  the  groundwater  interface.  The  steel  striking  plate 
was  placed  successively  at  each  impact  station  and  struck  repeatedly 
with  the  hammer  until  a sufficiently  enhai.ced  signal  was  obtained  on  the 
seismogi. aph  oscilloscope.  Figure  U illustrates  the  basic  features  of  a 
refraction  seismic  line. 

11.  The  seismograph  used  in  this  investigation  displays  travel 
time  in  milliseconds  on  an  oscillograph  as  a pointer  is  moved  to  the 
proper  point  on  the  signal  trace.  The  travel  time  is  plotted  against 
the  appropriate  hammer  station  on  the  travel  time-distance  graph.  The 
procedure  was  repeated  for  hammer  stations  in  the  opposite  direction 
from  station  zero,  and  those  data  were  plotted  as  a separate  curve.  If 
the  curves  indicated  the  presence  of  more  than  one  layer  in  the  sub- 
surface (a  break  in  slope  of  the  curve),  reverse  profiles  were  run  by 

I icing  the  geophone  at  the  opposite  end  of  the  seismic  line  and 
repeating  the  procedure. 
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Resistivity  Sounding  Field  Procedures 


12.  A resistivity  so\inding  was  run  in  the  vicinity  of  the  seismic 
line  to  complement  the  seismic  interpretation.  Nonconducting  200-ft , 
fiber-reinforced  tapes  were  laid  out  in  opposite  directions  from  a 
center  point  and  stakes  were  placed  beyond  200  ft  at  the  proper  spacing 
out  to  5OO-60O  ft  to  mark  the  electrode  stations.  In  a sounding  array, 
the  resistivity  meter  and  cable  reels  are  positioned  at  the  center  of 
the  line  and  connected  to  the  four  electrodes  by  cables.  Ihe  potential 
electrodes  are  emplaced  at  their  initial  close  spacing,  and  apparent 
resistivity  readings  are  taken  for  successively  greater  current  elec- 
trode spacings  (AB)  until  meter  sensitivity  is  exceeded.  The  potential 
electrodes  are  then  reimplanted  at  a greater  spacing  ai).d  the  readings 
continued  for  increasingly  greater  current  electrode  spacings.  Poten- 
tial electrode  spacings  (MN)  of  2,  30,  and  TO  ft  were  used  in  the 
soundings.  The  procedure  is  repeated  xantil  the  electrode  spacing 
becomes  too  large  to  achieve  reliable  meter  readings.  Figure  5 illus- 
trates the  basic  features  of  a resistivity  sounding. 

13.  For  each  reading  it  is  necessary  to  null  any  self  potential 
developed  between  potential  electrodes  by  means  of  a galvanometer  dial 
on  the  instrument.  Current  is  then  applied  to  the  circuit  by  means  of 
the  cxirrent  switch  on  the  instnnnent,  and  the  resistance  is  measured  by 
nulling  out  the  galvanometer  with  a rheostat.  The  resistance  value 
obtained  is  that  used  in  the  equations  to  calculate  apparent  resis- 
tivity. The  values  of  apparent  resistivity  and  the  half  current  elec- 
trode spacing  are  then  plotted  on  log-log  graph  paper  for  matching  with 
the  master  curves.  The  scale  of  the  field  curve  graph  paper  and  that  of 
the  master  curve  must  always  b the  same.  High  quality,  dimensionally 
stable  paper  should  be  used.  Interpretation  of  the  curves  yields  the 
thickness  (E)  and  true  resistivity  (p)  of  electrically  contrasting 
subsurface  layers.  See  Orellana  and  Mooney,^  pages  21  and  22,  Figures  8 
and  9. 
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Resistivity  Profile  Field  Procedure 


l4.  Wenner  resistivity  profiles  were  run  to  locate  the  lateral 
position  of  buried  or  obscured  geological  contacts.  The  four  electrodes 
in  a Wenner  resistivity  profile  are  maintained  at  constant  and  equal 
spacing  for  a given  profile  line.  The  entire  electrode  array  is  moved  !i 
constant  distance  along  the  line  for  each  new  apparent  resistivity 
reading.  Electrode  spacing  determines  the  depth  of  penetration  of  the 
survey.  The  depth  of  influence  of  the  electrode  array  can  be  roughly 
estimated  as  between  one  and  three  times  the  electrode  spacing.  An 
electrode  spacing  of  twice  the  expected  target  depth  was  used  initially 
for  most  of  the  profiles  run  in  this  investigation.  The  electrode  array 
was  usually  advanced  a distance  equal  to  the  length  of  the  array  (three 
times  the  electrode  spacing)  for  each  successive  measurement  in  a 
profile.  Where  more  overlap  was  needed  for  more  detail,  the  array  was 
advanced  a lesser  distance,  e.g. , two  times  the  electrode  spacing.  The 
apparent  resistivity  values  were  plotted  as  the  ordinate  on  linear  graph 
paper,  with  the  center  position  of  each  measurement  plotted  as  the 
abscissa,  thus  showing  the  change  in  apparent  resistivity  along  the 
profile's  traverse.  Part  III  of  this  report  demonstrates  the  interpre- 
tation of  profile  d 'ta.  The  profile  requires  more  time  to  run  than  the 
sounding  because  the  entire  system  must  be  moved  along  the  traverse  and 
reassembled  for  every  three  or  four  measurements,  depending  on  the 
electrode  spacing  being  used. 
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PART  III:  TESTS  AND  RESULTS 


Old  River  Outflow  Channel  Site 


Analysis  of  data 

15.  The  Old  River  field  investigation  was  run  parallel  to  the 
outflow  channel  west  of  the  Old  River  Control  Structure , sLLong  a stretch 
of  shell  road  (Figure  6).  Figures  T and  8 are  a geologic  map  and  cross 
section  of  the  area.  Field  data,  stations,  which  sure  approximate,  sure 
referred  to  the  existing  stationing  along  the  channel,  the  latter 
stationing  being  measured  along  the  channel  westward  from  the  center  of 
the  control  structure.  A Wenner  array  resistivity  profile  was  run  first 
from  sta  45+50  (4550  ft  west  of  center  of  structure)  to  sta  98+30.  The 
electrodes  were  spaced  80  ft  apart  ("a"  spacing)  and  the  array  was  moved 
240  ft  ("d"  spacing)  with  each  measurement  (see  Figure  9)-  The  profile 
was  run  on  grass-covered  ground  between  the  road  and  the  high  bi'ush 
bordering  the  road  right  of  way.  A Schlumberger  array  resistivity 
sounding  was  then  conducted  in  the  vicinity  of  the  clay  plug,  with  the 
center  of  the  sounding  at  sta  71+10  (see  Figure  5).  The  maximum  current 
electrode  spacing  (AB)  for  the  sounding  was  1200  ft.  A second  sounding 
was  r\ni  east  of  the  mapped  edge  of  the  clay  plug  at  sta  46+50.  The 
maximum  AB  spacing  achieved  there  was  1000  ft. 

16.  Seismic  traverses,  using  the  single-channel  enhancement  unit, 
were  run  first  at  sta  76+10  (sta  1 of  Figure  6)  and  then  at  sta  46+30 
(sta  2 of  Figure  6)  to  complement  the  resistivity  soundings.  One  line 
was  run  at  sta  1,  from  sta  76+10  eastward  to  75  ft.  Two  lines  were  run 
at  sta  2 , 300  ft  to  the  west  and  300  ft  to  the  east . 

17.  The  resistivity  profile  was  positioned  to  cross  both  sides  of 
the  buried  clay  plug  as  me.pped  from  borings  and  aerial  photography 
(Figure  7)>  The  electrode  "a"  spacing  was  maintained  at  80  ft  to  assure 
that  the  depth  of  influence  was  well  within  the  clay  plug.  Figure  10  is 
the  graph  of  the  profile  data.  A marked  contrast  in  apparent  resis- 
tivity (p)  values  occiirs  between  sta  79+10  and  57+50.  The  relatively 
uniform  values  of  about  70+  ohm-ft  within  this  zone  differ  substantially 
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from  the  values  of  120+  ohm- ft  to  the  east  and  vest.  It  is  clear  from 
the  data  of  Figure  10  that  a zone  of  low-resistivity  material  20  to 
8o  ft  deep  was  crossed  by  the  array  between  sta  57+50  and  59+90  on  the 
east,  Euid  sta  'jGi-’JQ  and  79+10  on  the  west.  The  p peaks  exhibited  on 
the  graph  at  sta  79+10  and  57+50  are  characteristic  of  curves  of  pro- 
files crossing  contacts  of  zones  of  different  resistivities.  The  peeJss 
are  caused  by  anomalous  apparent  resistivity  values  measured  as  differ- 
ent electrodes  of  the  array  cross  the  contact^  (pag®  221,  Fig\ire  1U6b)^ 

The  contact  between  the  zone  of  low  resistivity  (the  claj’  plug)  and  the 
high-resistivity  materiai.  on  either  side  is  interpreted  to  be  beneath 
sta  58+70  and  77+90.  The  geologic  cross  section  constructed  from 
previous  borings  in  the  survey  area  is  shown  in  Figure  8 (see  Figure  6 
for  locations  of  these  borings).  The  clay  plug  contacts  as  determined 
by  the  resistivity  data  are  shown  on  the  cross  section  in  their  true 
stationing  positions  and  as  they  would  appear  projected  into  the  line  of 
borings  parallel  to  the  trend  of  the  mapped  contacts.  The  position  of 
the  eastern-most  contact  as  interpreted  from  the  resistivity  profile 
agrees  very  well  with  the  mapped  position.  The  interpreted  position  of 
the  western-most  contact  lies  some  8OO  to  1000  ft  east  of  the  mapped 
positior.  Control  for  mapping  of  the  contact  was  primarily  borings  12~C 
and  GS-28  (Figure  7)  and  aeried  photo  coverage.  Boring  12-C  does  not 
show  a great  thickness  of  the  fat  clay  cheuracteristic  of  the  clay  plug, 
and  penetrsf/.es  substratum  sands  at  a depth  relatively  shallow  conqpared 
to  boring  IC-C.  Tne  thinner  portion  of  fat  clay  in  boring  12~C  probably 
indicates  that  the  boring  lies  near  the  western  edge  of  the  plug.  The 
position  of  the  contact  as  infeired  from  the  resistivity  data,  when 
projected  into  the  line  of  borings  parallel  to  the  itrend  of  the  plug, 
lies  very  near  boring  12-C.  Tljis,  and  the  excellent  quality  of  the 
field  curve,  indicates  tl;  t the  contact  may  actually  lie  to  the  east  of 
its  presently  mapped  position. 

18.  Boring  GS-28  (Figures  6,  7,  and  8)  penetrated  silty  sands  and 
sands  indicative  of  point  bar  at  a relatively  shallow  depth  lying  to  the 
west  of  the  clay  p3.ug.  HiC  resistivity  profile  data  show  an  Increase  in 
apparent  resistivities  to  the  west,  which  could  be  explained  by  the 
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presence  of  more  resistive  materials  such  as  coares  point  bar  deposits. 
The  borings  to  the  east  of  the  plug  (e. g. , boring  8-C)  pass  through  fat 
clay  at  30  to  Uo  ft  (probably  backswamp)  6ind  enter  substratum  sands  at 
aroxind  40  ft.  Apparent  resistivitir.s  east  of  the  contact  indicate 
materials  similar  to  those  west  of  the  plug,  and  probably  represent  the 
shallow  substratum  sands.  The  presence  of  relatively  shallow,  high- 
resistance  (electrically  contrasting)  materials  bordering  the  conductive 
clay  plug  makes  it  possible  to  recognize  the  plug's  presence  and  deter- 
mine its  position. 

19.  A resistivity  sounding  vas  riui  within  the  clay  plug  zone 
(sta  71+10)  to  attempt  to  determine  the  thickness  of  overlying  fill,  the 
water  table  depth,  and  the  depth  to  the  base  of  the  plug.  Figure  11  is 
the  graph  of  apparent  resistivity  versus  the  half  current  electrode 
spacing  (L).  A smooth  cxirve  must  be  obtained  in  a resistivity  sounding 
conducted  in  an  area  that  is  free  of  lateral  inhomogeneity  (Reference  4, 
page  3T)«  Sharp  breaks  in  the  curve  are  caused  by  the  presence  of 
lateral  changes  in  the  earth.  The  curve  in  Figure  11  exhibits  a good 
three-layer  curve  cut  to  a total  AB  spacing  of  120  ft  (L  = 60  ft).  A 
sharp  break  is  then  indicated  and  a somewhat  poorer  curve  is  described 
out  to  L = 600  ft.  The  interpretation  of  this  curve  is  limited  to  the 
smooth  portion  on  the  left,  and  indicates  a very  thin  (1.3  ft)  surface 
layer  of  about  50  ohm-ft  underlain  by  about  13  ft  of  conductive 

(19  ohm-ft)  material,  and  a more  highly  resistive  material  of  about 
120  ohm-ft  below  that.  The  depth  of  influence  for  the  sounding  was 
probably  too  shallow  to  detect  the  clay  plug  material.  A low  true 
resistivity  was  expected  foi-  the  clay  plug.  Had  the  field  curve  not 
been  disrupted  by  the  apparent  lateral  change  beyond  L = 60  ft , there 
might  have  been  sufficient  penetration  to  detect  the  clay  plug. 

20.  A second  sounding  was  conducted  east  of  the  contact,  at 
sta  46+30.  A fairly  smooth  five-layer  curve  was  produced  out  to 

L = 500  ft  (Figure  12).  The  auxiliary  point  method  of  ciirve  interpreta- 
tion becomes  less  accurate  when  used  on  field  curves  of  more  than  four 
layers  (Reference  6,  page  33).  Therefore,  an  interpretation  was  made 
using  only  the  upper  four-layer  portion  of  the  curve.  Tlie  interpretation 
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indicates  about  2-1/2  ft  of  22-ohm-ft  material  at  the  surface,  then 
53-ohtt\-ft  material  down  to  about  the  l4-ft  depth;  20-ohm-ft  materia-i 
below  that  down  to  37  ft;  and  a stratum  of  relatively  high  (llU  ohni-ft) 
material  below  that.  The  position  of  the  sounding  is  close  to  tht  iine 
of  borings  between  borings  8-C  and  G3-15  (see  Figure  6).  The  base  of 
the  fat  clays  (backswamp?)  between  the  two  borings  would  be  by  inter- 
polation about  +16  ft  mean  sea  level  (msl).  The  sounding  indicates  a 
change  from  conductive  material  above  to  more  resistive  material  below 
at  about  +20  ft  msl.  The  presence  of  at  least  a fifth  layer  of  lower 
resistivity  below  that,  however,  reduces  the  confidence  in  correlating 
the  sounding  with  the  borings.  The  reason  is  that  one  would  expect, 
from  the  borings,  a general,  increase  in  resistivity  with  depth  at  this 
station.  The  electrical  soundings  did  not  produce  sufficient  depth  of 
penetration  to  be  of  significance  at  this  site.  Lateral  variations  in 
earth  materials  at  sta  1,  complexity  of  the  subsiirface  materials  at 
relatively  sbc-ilow  depths  at  sta  2,  and  inability  to  detect  the  very  low 
potential  differences  on  the  instrument  at  large  L distances  contributed 
to  the  inadequacy  of  the  soundings. 

21.  Seismic  refraction  surveys  were  run  near  each  of  the  two 
sounding  stations.  The  first  was  r\in  from  sta  1 (sta  71+10)  eastward 
75  ft  (Figure  13).  Good  signals  were  obtained  out  to  75  ft  but  signeLLs 
beyond  that  were  too  poor  to  be  read  with  confidence.  Figure  l4 
illustrates  the  form  and  relative  quality  of  the  seismograph  signals. 
Travel  times  noted  are  for  first  arrivals.  A gap  in  the  curve  occurred 
between  hammer  stations  and  50  ft,  and  the  slope  reverted  to  that  of 
a lower  velocity  material.  The  curve  in  Figure  13  describes  a three- 
layer  subsurface  with  a lateral  change  occurring  east  of  hammer  station 
1+0  ft  at  about  the  depth  of  the  third  layer.  Figure  15  shows  the  cross 
sections  that  could  be  inferred  from  the  seismic  and  resistivity  data  at 
sta  1.  A similar  subsurface  structure  with  its  corresponding  travel 
time-distance  graph  is  illustrated  in  Mooney^,  Chapter  15,  Figrire  C.2.b. 
The  UoOO-ft/sec  compressional  wave  velocity  for  the  lower  layer  could  be 
indicative  of  a water-saturated  sand.  Interpretation  of  the  third  layer 
as  a sand  would  also  agree  with  the  resistivity  section,  which  shows  a 
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relatively  more  resistive  unit  below  about  IS-ft  depth.  The  third  layer 
described  here  could  be  explained  as  a sand  lens  within  the  clay  plug. 
The  lateral  change,  exhibited  in  both  the  resistivity  and  the  seismic 
lines,  might  then  represent  the  transition  into  the  clay  portion  of  the 
plug.  The  unit  directly  above  the  third  layer  with  its  base  at  about  11 
and  13  ft  in  the  seismic  and  resistivity  cross  sections,  respectively, 
may  represent  natural  levee  deposits  which  bl.anket  much  of  the  area 
around  the  Old  River  outflow  channel. 

22.  Excellent  signals  were  received  out  to  300  ft  on  the  two 
seismic  lines  run  at  eta  2 (Figures  lb  and  Ij).  All  data  points  lie  orA 
or  very  near  a single  line  passing  through  the  origin.  The  inverse 
slopes  of  the  twc  lines  are  essentially  identical,  1128  ft /sec  and 
1132  ft/sec.  Two  inteirpretations  are  offered  for  the  data:  (a)  the 
data  represent  a single,  thick,  low-velocity  surface  layer  extending  to 
a depth  of  at  least  ll6  ft,  and  (b)  the  data  represent  a low-velocity 
surface  layer  cf  undetermined  thickness  underlain  by  a thick  lower 
velocity  Intermediate  layer  that  masks  the  deeper  subsurface  materials. 
The  velocity  of  water- saturated  sediments  can  be  said  to  range  between 
3000  and  6000  ft/sec-  The  water  table  shjuld  have  been  encountered  at 
about  20-30  ft  depth  (approximate  elevation  of  the  water  in  the  outflow 
channel).  For  that  reason  the  first  interpretation,  that  of  a low- 
velocity  material  ll6  ft  thick,  is  untenable.  The  second  interpretation 
is  the  simplest  and  most  logical  explanation.  Figure  16  illustrates  how 
the  graph  of  sta  2 could  be  produced  by  the  presence  of  a thick,  low- 
velocity  layer  below  the  surface  layer.  Tlae  direct  wave,  traveling  at, 
in  this  case,  1130  ft/ sec,  normally  is  recorded  as  a first  arrival  until 
the  refracted  signal  from  the  faster  layer  at  depth  overtakes  it.  The 
presence  of  a low-velociiy  zone  between  the  and  layers, 
however,  refracts  the  seismic  wave  downward  and  in  effect  lengthens  the 
path  and  slows  the  wave  so  that  even  at  great  geophone- impact  distances 
the  direct  wave  continues  to  arrive  before  the  refracted  wave.  A single 
slope  is  thus  produced  on  the  time-distance  curve.  The  low  velocity  Vg 
zone  possibly  represents  the  backswamp  fat  clays  shown  in  borings  8-C 
and  GS-15,  Figiire  8.  Entrapped  gas  in  the  backswamp  material  would 
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lower  itfa  effective  velocity.  Normally,  forward  and  reversed  lines  are 
run  for  each  seismic  station,  but  because  only  the  direct  wave  was 
received,  a reverse  line  was  vmnecessary. 

Summary  of  resvilts 

23  Tha  resistivity  profile  was  apparently  very  effective  in 
locating  the  position  of  the  abandoned  channel  clay  plug.  A more 
precise  definition  of  the  contacts  could  be  achieved  bj  overlapping  the 
measuremer.ts  by  one  or  two  "a"  spacings  and  obtaining  a greater  number 
of  data  points.  The  resistivity  soundings  failed  to  achieve  sufficient 
depth  to  be  of  practical  significance  in  a geological  study.  The  cross 
section  interpreted  from  the  sounding  in  the  clay  plug  correlated  fairly 
well  with  the  seismic  refraction  data  there  but  neither  was  deep  enough 
to  warrant  confidence  in  geologic  interpretation  of  the  subsurface. 
Similarly,  neither  seismic  refraction  line  adequately  pictured  the 
subsurface  structure,  probably  because  of  complex  near-surface  geology 
and  variations  in  earth  materials  laterally. 

Lock  attd  Dam  No.  3 Site.  Red  River 


Analysis  of  data 

24.  The  field  investigation  at  Lock  and  Dam  No.  3 was  conducted 
along  £in  unimproved  road  running  northwest  from  the  river  (see 

Figure  19 )>  Figure  20  is  a geologic  map  of  the  area  and  Figure  21  shows 
the  logs  of  four  borings  near  the  road.  A resistivity  p’-'^ile  \ra,s  made 
from  the  river  end  of  the  road  (sta  0),  a distance  of  1530  ft  up  the 
road.  An  "a"  spacing  of  20  ft  and  ”d''  spacing  of  60  ft  wore  used. 
Electrical  soundings  were  conducted  at  a>^’'t  T20  ft  (sta  1)  up  the  road 
from  sta  0,  and  at  about  one  mile  (sta  2)  up  the  road  (Figure  19).  The 
sta  1 sounding  was  carried  out  to  an  AB  distance  of  800  ft.  Tlie  sta  2 
sounding  was  carried  out  to  an  AB  of  400  ft.  Reversed  seismic  lines 
were  run  east  and  west  from  sta  1 with  the  geophone  set  at  sta  1.  One 
reversed  seismic  line  was  run  at  sta  2 eastward. 

25.  The  resistivity  profile  was  started  near  the  riverbank  and 
worked  up  the  roai  in  hopes  of  detecting  the  point  bar-backswamp  and 
backswamp-terrace  contacts.  Since  the  contacts  were  assumed  to  be  near 
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the  suriace,  »ii  "a"  spacing  of  only  20  ft  was  used.  Figure  22  is  the 
graph  of  the  profile  data.  The  traverse  runs  from  right  to  left  on 
the  graph.  The  graph  is  too  erratic  for  interpretation.  A profile  must 
exhibit  a segment  of  uniform  values  before  a contact  may  be  confidently 
picked,  but  the  profile  shown  here  is  a series  of  peaks  and  troughs  with 
few  or  no  uniform  apparent  resistivity  segments. 

26.  The  electrical  sounding  at  sta  1 is  graphed  in  Figure  23. 

The  field  curve  is  fair.ly  smooth  out  to  L * 100  ftp  except  for  two  cusps 
at  15  and  50  ft.  Cusps  can  bu  caused  by  an  euiomalous  material  near  one 
of  the  electrodes  or  current  leakage  in  the  cables  (Zchdy^,  page  37). 
Current  leakage  problems  were  experienced  at  this  site  and  were  possibly 
the  cause  of  the  cusps.  A substantial  amount  of  .moothing  of  the  curve 
was  necessary,  evident  on  the  field  curve,  and  lower''  the  confidence  of 
the  interpretation  of  the  curve.  A fair  curve  match  was  made  with  a 
three-layer  mast-r  curve,  but  a better  fit  was  achieved  using  auxiliary 
curves.  The  interpreted  section  shows  11  ft  of  32  ohm- ft  material 
underlain  by  25  ft  of  112  ohm-ft  material,  underlain  by  an  undetermined 
thickness  of  23  ohm-ft  material.  Tlje  elevation  of  sta  1 is  approxi- 
mately 105  ft  (sc'  Figure  19).  The  nearest  borehole  is  ever  ITOO  ft  to 
the  nor'.h  of  sta  1 (Figure  19),  and  it  is  not  possible  to  correlate  the 
sounding  with  either  boring  3-220  or  3-10  (Figure  21).  The  sounding  was 
not  deep  enough  to  detect  the  Pleistocene- Tertiary  contact,  the  eleva- 
tion of  which  shouli  be  much  as  shown  in  Figure  21. 

27.  The  sounding  at  sta  2 was  hindered  by  curves  in  the  road  and 
changing  ground  elevation  with  increase  in  electrode  spacing.  There- 
foie,  tne  Mne  was  run  to  an  AB  spacing  of  only  400  ft,.  The  curve  was 
relati/ely  smooth  out  to  I,  * ino  ft,  but  considerable  smoothing  was 
necessary  beyond  that.  A four-layt>'  model  was  interpreted  by  means  of 
e-axiliary  c'lrvcs  as  shown  in  Figure  2^,  The  interpretation  yielded  a 
relatively  high-resistivity  subsurface,  which  perhaps  would  be  expected 
in  the  grani'lar  terrace  deposits  in  which  the  sounding  was  run.  The 
interpreted  cross  section  is  1075  ohm-ft  material  from  the  surface  down 
to  U ft,  then  415  ohm-ft  do.ni  to  9 ft,  then  2400  ohu-ft  meterial  to 

26  ft,  and  below  that  materied  of  1075  ohm-ft.  Sta  2 is  about  300  ft 
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from  boring  ahc va  a thicK  aequance  of  silty  sand  below  about 

i6-ft  depth V and  one  wou^d  expect  an  increase  in  resistivity  below  l6  ft 
as  dry  coarser  materials  are  encountered.  The  position  of  the  -Jiater 
table  is  not  indicated  in  the  borrng  logs.  Tlie  elevation  of  the  ridges 
at  sta,  2,  as  shown  in  Figure  19,  above  the  intermittent  stream  and  the 
swamp,  infers  a deep  water  table  (below  elevation  +100  ft  rasl),  so  that 
the  asaumptiou  ci  n be  made  that  the  terrace  material  is  dry  down  to  at 
least  20-ft  depth.  The  sounding  does  not  correlate  with  the  boring. 
Again,  not  enough  depth  was  reached  to  detect  tne  terrace-Tertiary 
contact  at  its  depth  of  about  90  ft. 

26.  Two  reversed  seismic  lines  were  run  at  sta  1,  one  east  to 
260  ft  and  one  west  to  230  ft.  Figure  25  shows  the  result  of  the  west 
to  cast  line.  Two  layers  are  indicated:  a 1050-ft/sec  upper  layer 
about  10  ft  thick,  and  a 5400- ft/ sec  layer  below  that.  A very  slight 
dip  to  the  west  ( 1 deg)  is  indicated  by  the  data.  Figure  26  shows  the 
curves  for  the  east  to  west  line.  These  data  indicate  a similar  subsur- 
face with  a somewhat  faster  surface  \yer  (I66T  ft/seo)  and  sm  under- 
lying material  of  about  the  same  velocity  as  that  of  the  other  line 
(5658  ft/sec).  A dip  of  a little  over  3 deg  to  the  west  is  indicated. 
The  cross  section  inferred  from  the  two  lines  is  shown  in  Figure  2T. 
There  is  a discrepancy  betw-en  the  two  lines  concerning  the  depth  to  the 
high-velocity  layer.  The  . screpancy  of  about  T ft  may  be  caused  by 
a gradual  change  in  surface  layer  velocity  between  ends  of  the  two 
seismic  lines.  A curved  slope  of  the  layer  is  noted  in  both  lines 
near  the  central  point  (sta  l).  Such  a slope  is  cbBuracteristic  of  a 
uniform  increase  in  velocity  with  depth,  for  example  by  overburden 
consolidation.  Tiiese  variances  in  could  produce  errors  in  the 
calculations  of  depths  because  the  single  value  chosen  for  is  used  in 
the  depth  equations  (see  Figures  25  end  26).  A dashed  line  has  been 
drawn  on  Figure  23  as  the  averaged  depth  to  the  top  of  the  layer. 

The  structure  could  be  interpreted  as  a 15-  to  20-ft  layer  of  soil  and 
weathered  terrace  deposits  underlain  by  unweathex'ed  sandy  tex'race 
deposits.  Ti'xe  electrical  sounding  (Figure  23)  shows  fair  agreement  with 
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this  interpretation — the  11- ft- thick,  32  ohm- ft  upper  zone  representing 
the  clayey  weathered  porti  and  the  112  ohm-ft  materieLL  below  repre- 
senting the  sandy  unweatherod  material, 

29.  A reversed  seismic  line  was  run  at  sta  2,  west  to  east,  a 
distance  of  i80  ft.  Signals  beyond  that  distance  were  too  weak.  A two- 
layered subsurface  was  indicated  by  the  time-distance  plots  (Figure  28), 
the  contact  dipping  a little  over  1 deg  to  the  west.  The  data  represent 
a typical  two-layer  curve  except  for  the  apparent  time  delay  (gap)  in 
the  arrival  of  the  signals,  at  hammer  stations  60  and  105  ft.  The 
arrival  time  gap  is  difficult  to  explain.  The  shape  of  the  graph  is 
similar  to  that  for  a buried  step,  as  illustrated  iu  Mooney,^  Chapter 

15 » Figure  C-7a.  The  gap  in  Figure  28,  however,  occurs  concurrently 
with  the  break  in  slope,  and  indicates  an  anomalously  later  arrival  on 
both  forward  and  reversed  seismic  lines,  and  therefore  does  not  fit  a 
buried  step  interpretation. 

30.  The  inferred  cross  section  (Figure  29)  whs  constructed  from 

the  data  neglecting  the  time  gap.  Compairison  oi  the  seismic  data  cross 
section  with  boring  3-2l4G  (Figure  21),  and  with  the  electrical  sounding 
(Figure  2l»),  places  the  contact  midway  within  the  silty  sand  of 

the  boring  and  near  the  base  of  the  2U0C  ohm-ft  layer  of  the  sounding. 
One  explanation  consistent  with  both  sets  of  data  is  that  the  water 
table  was  encountered  at  a depth  of  about  26  ft  (sounding  data)  to  32  ft 
(seismic  data).  The  presence  of  groundwater  in  the  sediments  would  both 
lower  the  resistivity  of  the  material  and  increase  its  velocity  to  about 
that  indicated  by  (5127  ft/sec). 

Summary  of  results 

31.  It  was  hop)ed  that  the  geophysical  data  would  detect  the 
contact  of  the  Pleistocene  terrace  deposits  on  the  Tertiary  bedrock 
below  ant.  that  the  lithologies  of  the  two  units  could  be  predicted  firom 
velocity  and  resistivity  values.  The  contact  was  too  deep  for  the  low- 
energy  type  surveys  run,  however,  and  only  a relatively  shallow  section 
was  investigated.  Tlie  seismic  and  electrical  data  were  sufficiently 
correlative  that  an  interpretation  could  be  made  consistent  with  both 
sets  of  data  and  somewhat  consistent  with  the  limited  borehole  data. 
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Inner  Harbor  MaviRation  Canal.  Nc  ^ Orleans 


32.  An  e"" '.ctr.'.-f'ax  sounding  and  a seismic  refraction  line  were 
attempted  at  hbis  site  al'hrugp  it  was  felt  beforehand  that  the  presence 
^f  a steel  cu""ff  wall  within  the  levee  would  .se  anomalous  data.  The 
surveys  were  rur  pa’"pl]‘*l  to  the  levee,  betwec  jhe  east  levee  and  the 
r^ad  (Jourdan  Road),  from  sta  1 of  Figure  30.  The  sounding  was  run  to 

a majcimum  of  i60  ft  (Ah  spacing).  The  field  curve  (Figure  31)  shows  e 
continuous  drop  in  apparent  resistivities  with  increasing  electrode 
spacing.  Meter  readings  were  much  too  low  beyond  l6o  ft  to  be  recorded 
with  confidence.  The  rapid  fall-off  of  values  and  the  extremely  low 
resistivity  values  obtained  at  wide  electrode  spacings  were  probably 
caused  by  deflection  of  the  current  field  by  the  buried  sheet  pile 
cutoff  wall,  which  would  be  highly  conductive.  As  the  current  elec- 
trodes were  moved  farther  apart  from  the  measuring  (potential)  elec- 
trodes, the  effect  of  the  conductive  wall  would  become  more  and  more 
apparent . 

33.  A seismic  line  was  run  south  from  sta  1 (Figure  30)  a 
distance  of  380  ft.  An  apparent  single-layer  curve  simileur  to  that  of 
sta  1 of  the  Old  River  site  siorvey  was  obtained  as  shown  in  Figure  32. 
The  1125-ft/sec  velocity  for  the  single  layer  indicatea  in  Figure  32  is 
far  lower  than  the  velocity  that  woxild  be  expected  for  the  steel  cutoff 
wall.  It  must  be  assumed,  therefore,  that  the  velocity  is  that  of  the 
ground,  euid  that,  as  in  the  Old  River  survey,  a low- velocity  materieQ. 
underlies  the  surface  layer  in  sufficient  thickness  and  of  sufficiently 
low  velocity  that  it  masks  any  higher  velocity  material  below.  Marsh 
aud  swamp  deposits  irregxilarly  overlie  the  buried  beach  (Figure  33). 

The  possible  presence  within  these  deposits  of  organic  materials  with 
entrapped  gases  would  explain  the  existence  of  a low-velocity  zone 
beneath  the  levee  fill  surface  layer.  Since  an  alternate  site  was 
available  for  Investigation  of  the  buried  beach,  no  further  attempts 
were  made  at  the  Inner  Harbor  Canal  site. 


21 


Metairie  Qiitfall  Canal  Site,  New  Orleags 

Analysis  of  data 

3U.  Deismic  lines  were  run  atop  and  at  the  base  of  the  levee 
along  the  west  side  of  the  Metairie  (XitfeLll  Canal.  Figure  34  is  a 
geologic  cross  section  psirallel  to  the  canal  and  about  2300  It  east. 

One  electrical  sounding  was  run  along  the  top  of  the  levee,  and  a 
resistivity  profile  was  run  along  tne  top  of  the  levee  a distance  of 
about  UUOO  ft.  The  seismic  lines  were  I’un  from  sta  1 (Figure  35)  north 
to  south  atop  the  levee,  and  south  to  north  at  the  base  of  the  levee. 
Data  points  for  the  seismic  line  rvm  atop  the  levee  (Figure  36)  were 
erratic  beyond  about  45  ft  and  only  the  surface  layer  could  be  inter- 
preted with  any  accuracy;  it  showed  a velocity  of  ll40  f+./sec.  The 
depth  to  the  second  layer  (V^  = 3883  ft/sec)  was  computed  as  l6.8  ft 
(Figure  36)  but  little  confidence  should  be  placed  on  that  vadue.  The 
second  seismic  line  was  run  at  the  base  of  the  levee  to  attempt  to 
obtain  batter  second-layer  data  points.  The  line  was  run  a distance  of 
200  ft  from  sta  1 north.  The  data  for  this  line  were  much  better 
(Figure  37).  Two  layers  are  indicated;  one  9.2  l“t  thick  with  a 
velocity  of  1124  ft/sec,  and  one  of  undetermined  thickness  at  a velocity 
of  from  3300  to  3900  ft/sec.  A break  in  the  slope  of  layer  occurs  at 
about  100  ft  on  the  line.  It  indicates  that  the  signals  from  this  layer 
arrived  earlier  beyond  100  ft.  This  feature  is  best  explained  by  the 

existence  of  a buried  step,  rising  to  the  north,  between  layer  and 
c i 

(see  Mooney  , Chapter  15,  Figure  C-Tb).  The  geological  interpreta- 
tion of  this  data  is  discussed  belcw. 

35.  A Wenner  resistivity  profile  was  run  from  sta  2 atop  the 
levee  (Figure  35)  Just  south  of  I-IO,  a distance  of  about  4400  ft  south. 
An  "a"  spacing  of  80  ft  and  a "d”  spacing  of  l60  ft  (a  two-electrode 
overlap)  were  used.  A graph  of  the  profile  is  shown  in  Figure  38. 

There  is  a gap  in  the  data  from  2200  ft  to  3400  ft  in  which  no  measure- 
ments could  be  taken  because  of  a railroad  crossing  and  canal  pumping 
station.  Low,  fairly  constant  apparent  resistivities  were  measured 
south  of  2000  ft;  resistivities  rose  slowly  north  of  2000  ft  and 
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sharply  north  of  1200  ft.  Analysis  of  the  profile  data  is  included 
below  with  the  discussion  of  the  seismic  results. 

36.  The  resistivity  sounding  was  run  at  sta  1 to  an  "L"  spacing 
of  300  ft.  Its  field  curve  (Figure  39)  shows  a general  decrease  in 
resistivity  with  depth  with  an  intermediate  layer  of  higher  resistivity. 
Th'^  curve  could  not  be  interpreted  with  the  curve  matching  technique 
although  two-layer  and  auxiliary  curves  were  consulted  for  the  most 
conservative  approach.  The  rather  sharp  peak  in  the  slope  of  the  field 
curve  at  L = 80  ft  may  be  caused  by  ^he  limited  lateral  extent  of  a 
subsurface  layer  (Zohdy^,  page  40).  The  shape  of  the  field  curve 
indicates  complexity  in  the  subsurface.  Figure  34  is  a geologic  cross 
section  reconstructed  from  borings  along  Pontchartrain  Boulevard  from 
Lake  Pontchartrain  south  to  the  R-'.ssissippi  River.  The  main  feature  of 
the  cross  section  is  the  near-surface  buried  beach  between  the  5»000- 
and  22,000-ft  grid  lines.  The  cross  section  indicates  the  complexity  of 
the  subsurface  in  the  vicinity  of  the  buried  beach.  The  positions  of 
sta  1 and  2,  and  the  profile  line,  are  shown  projected  into  the  geologic 
cross  section  parallel  to  the  trend  of  the  buried  beach,  as  determined 
from  an  unpublished  contour  map  of  the  top  of  t 3 buried  beach. 

Geologic  interpretation  of  data 

37.  The  thickest  portion  of  the  buried  beach  runs  from  about  the 
position  of  sta  1 northward  beyond  sta  2 (see  Figure  34).  South  of 
sta  1 the  beach  sand  thiiis  so  that  the  upper  part  is  replaced  by  pro- 
delta clays.  There  is  a thin  (about  5 ft)  marsh  deposit  overlying  the 
beach  and  prodelta  clay  near  sta  1 and  2.  Probably  less  than  5 ft  of 
siiTface  fill  exists  in  this  area.  The  south-north  seismic  line  at  the 
base  of  th’  levee  indicates  a material  of  velocity  of  3333  ft/sec  at  a 
depth  of  about  9 ft  (Figiire  37)*  That  depth  conforms  well  with  the  top 
of  the  thick  portion  of  the  buried  beach.  Therefore,  the  3333-ft/sec 
layer  is  believed  to  be  the  buried  beach.  The  buried  step  encountered 
in  the  seismic  line  (Figure  37)  possibly  represents  .n  ancient  beach 
scarp  or  terrace. 


38.  Figure  3U  shows  the  position  of  the  resistivity  profile  with 
respect  to  the  geologic  cross  section.  It  is  apparent  from  ti.e  field 
graph  of  the  profile  (Figixre  38)  that,  at  the  depth  of  influence  of  the 
electrode  array  ("a"  of  80  ft),  a subsurface  of  relatively  low  resis- 
tivity was  encountered  in  the  southern  two-thirds  of  the  profile.  This 
material  is  inferred  to  he  principally  the  prodelte  Lays  to  the  south 
of  the  thick  upper  portion  of  the  buried  beach.  The  sharp  rise  in  the 
profile's  graph  from  about  1200  ft  northward  (Figure  38)  probably  repre- 
sents the  influence  of  the  thick,  shallow  portion  of  the  coarse  beach 
deposits.  The  edge  of  this  thickest  part  of  the  buried  beach  is  in- 
ferred to  be  at  the  ll60-ft  station  on  the  profile,  in  good  agreement 
with  the  geologic  cross  section  (Figure  34).  The  gradual  rise  in  the 
curve  between  2200  and  1240  ft  is  probably  caused  by  a gradual  thick- 
ening of  the  resistive  beach  at  the  expense  of  the  conductive  prodelta 
clay. 

39*  The  seismic  refraction  and  resistivity  profile  surveys  were 
considered  successful  in  detecting  and  delineating  the  southern  position 
of  the  buried  beach,  although  boring  data  obviously  were  needed  to  make 
the  liberal  interpretations  presented  above.  The  electrical  sounding 
again  failed  to  give  usable  data,  attributable  probably  to  the  com- 
plexity of  the  subsurface  deposits. 

Nine  Mile  Point,  New  Orleans 


40.  Figure  4o  is  a general  geologic  map  of  the  New  Orleans  area, 
and  shows  the  approximate  position  of  the  point  bar  material  on  Nine 
Mile  Point.  A resistivity  profile  was  run  from  the  vicinity  of  State 
Highway  I8  northward  about  3700  ft  along  the  edge  of  the  railroad  grade 
construction  on  Nine  Mile  Point  (see  Figure  4l).  An  "a"  spacing  of  80 
ft  and  a "d"  spacing  of  24o  ft  were  used.  Reversed  seismic  lines  and 
electrical  so\xndings  were  run  at  two  stations  and  a seismic  traverse  and 
sounding  were  attempted  at  a third. 

41.  The  purpose  of  the  resistivity  profile  was  to  locate  the  con- 
tact between  point  bar  materials  on  the  north  and  backswamp  deposits  on 
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the  south.  The  field  curve  for  the  profile  is  shown  in  Figure  42.  Low 
apparent  resistivity  values  were  obtained  in  the  southern  half  of  the 
profile,  indicating  conductive  subsurface  there.  The  values  rose  sharp- 
ly from  about  2000  ft  northward  euid  were  still  rising  when  the  profile 
was  terminated.  The  presence  of  heavy  woods  and  a canal  prevented 
continuation  of  the  profile  to  the  north.  The  low  resistivity  values 
are  inferred  to  represent  the  conductive  backs wamp  clays  and  the  higher 
values  the  coarser  point  bar  materials.  IdesLIly  the  curve  would  have 
leveled  off  to  the  north  at  a value  of  around  40  or  50  ohm- ft.  Because 
the  profile  coiild  not  be  extended  far  enough  in  that  direction,  the 
interpretation  must  be  made  without  benefit  of  the  complete  curve.  The 
contact  is  inferred  at  the  3000-ft  position  of  uhe  profile  (Figure  42), 
about  midway  on  the  rising  portion  of  the  field  curve.  Its  position  is 
shown  marked  in  Figure  4l.  The  approximate  position  of  the  contact  has 
been  mapped  previously  from  aerial  photography  (Figure  40).  The  mapped 
contact  is  shown  dashed  on  Figure  4l  and  lies  about  1300  ft  north  of  the 
position  of  the  contact  as  inferred  in  this  report.  The  resistivity- 
inferred  position  of  the  contact  could  be  in  error  by  several  hundred 
feet  (too  far  south)  because  a peak  on  the  field  curve  was  never 
reached.  The  mapped  position,  however,  may  also  be  in  error  because  of 
the  lack  of  boring  control  in  this  area.  It  is  felt  that  the  profiling 
technique  was  effective  in  detecting  the  presence  and  influence  of  the 
point  bar  as  the  profile  moved  northward,  but  the  lack  of  sufficient 
access  length  prevented  a concise  ard  complete  interpretation. 

42.  Survey  stations  1,  2,  and  3 are  shown  in  Figure  4l.  A 
seismic  refraction  line  was  rim  ncrthi.ard  from  sta  1,  a distance  of 
l40  ft,  and  the  line  was  reversed  from  90  ft  back  (Figure  43).  Seismic 
signals  were  relatively  poor  at  the  Nine  Mile  Point  site,  probably 
because  of  attenuation  caused  by  the  generally  soft  clayey  upper  portion 
of  the  soil.  Accordingly,  shorter  lines  were  run  emd  less  depth  of 
penetration  was  achieved.  Interpretat:^on  of  the  reversed  portion  of  the 
seismic  line  indicates  tw  layers,  the  upper  very  slow  at  700  ft/sec, 
the  lower  at  a depth  of  about  6-10  ft  with  a velocity  of  2800  ft /sec. 

The  forward  or  south  to  north  line  run  out  to  l40  ft  indicates  a 
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possible  third  layer.  Using  the  intercept  time  and  the  slope  from  the 
four  data  points  received  for  the  layer,  a velocity  of  about  7T00  ft/sec 
and  a depth  of  Uo  ft  were  computed  for  this  layer  (see  Figure  U3).  Such 
a velocity  is  higher  than  that  expected  for  unconsolidated  point  bar 
deposits.  Also,  the  layer  is  too  deep.  No  geologic  interpretation  is 
offered  here  for  the  apparent  third  layer  because  of  the  erratic  nature 
of  the  data  points  beyond  90  ft. 

43.  The  resistivity  sounding  was  run  at  sta  1 to  a total  AP 
electrode  spacing  of  1000  ft.  Readings  on  the  instrument  scale  were 
very  low,  however,  and  usable  measurements  were  made  only  out  to  I60  ft 
(L  = 80  ft).  The  limited  curve  (Figure  44)  indicates  a three-layer 
subsurface  with  generally  low  resistivity  values.  The  depth  of  influ- 
ence of  the  sounding  is  too  shallow  to  warrant  attempting  a geological 
interpretation. 

44.  A reversed  seismic  line  was  run  south  from  sta  2,  a distance 
of  100  ft  (Figure  45).  The  data  beyond  TO  ft  were  those  of  a slower 
velocity  material,  and  it  was  assvimed  that  a lateral  change  occurred 
beyond  70  ft.  Therefore,  the  line  was  reversed  only  from  60  ft  back. 

The  interpretation  was  similar  to  that  of  sta  1:  a low-velocity  layer 
(973  ft/sec)  down  to  about  10  ft,  and  a higher  velocity  material 
(3049  ft/sec)  below  that.  The  seismic  da^a  for  the  two  stations  are 
consistent  enough  that  something  about  the  shallow  geology  there  can  be 
inferred.  The  low  velocity,  10-ft- thick  upper  layer  may  represent  the 
natural  levee  blanketing  the  point  bar-backswamp  materials,  with  satu- 
rated f liments  beneath;  or  it  may  represent  the  nonsaturated  soil 
overlying  the  deeper  saturated  sediments. 

45.  The  field  curve  and  interpretation  of  the  electrical  sounding 
run  at  sta  2 are  presented  in  Figure  46.  A smooth  curve  could  be  drawn 
out  to  L = 100  ft,  which  represented  a depth  of  influence  of  less  than 
20  ft.  There  ^ obvious  correlation  between  the  sounding  interpre- 
tation and  that  of  the  seismic  line.  A seismic  line  and  resistivity 
sounding  were  atten^ited  at  sta  3 but  were  unproductive.  Field  curves 
for  the  respective  surveys  are  shown  in  Figures  47  and  48. 
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PART  IV:  CONCLUSIONS  AND  RECOMMENDATIONS 


U6.  ‘The  hammer  seismic  and  surface  resistivity  exploration 
methods  show  some  promise  for  use  in  the  alluvial  terrain  of  the  lower 
Mississippi  Valley.  This  study  indicates  that  their  use  is  limited  to 
relatively  shallow  (less  than  100  ft)  depths  emd  that  they  rarely  can  be 
expected  to  be  used  with  equal  success  at  the  same  site.  Conversely, 
the  seismic  and  resistivity  techniques  should  be  used  ir.  conjunction 
with  each  other  and  with  existing  boring  and  outcrop  data  to  abtain 
complementary  data  for  the  bert  possible  interpretation  of  the 
subsurface . 

U7.  The  best  results  were  obtained  with  the  res-dtivity  profile 
s\irveys.  The  profiles  were  very  effective  in  most  situations  in 
locating  subsurface  contacts  and  bodies  of  anomalous  geologic  materials. 
Approximate  depth  of  interest  (penetration)  ceui  easily  be  controlled  by 
adjusting  the  electrode  spacing.  One  possible  limitation  to  the  appli- 
cation of  the  profile  would  be  lack  of  sufficient  line  length  in  which 
to  run  the  survey,  especially  when  using  a large  electrode  spacing. 

48.  The  resistivity  soundings  delineated  very  shallow  electrical 
discontinuities  such  as  soil  layers  and  moisture  veuriances , but  were 
ineffective  in  attaining  sufficient  depth  to  allow  constmction  of 
substantial  geologic  sections.  The  probable  causes  of  the  soundings* 
ineffectiveness  are  complex  subsurface  structures  in  some  of  the  test 
areas,  lateral  variations  in  electrical  properties  in  subsurface 
materials  of  many  of  the  sites , and  insensitivity  of  the  instrument  at 
large  electrode  (L)  spacings. 

49.  The  hammer  seismic  device  was  unable  to  achieve  adequate 
depth  of  penetration  in  the  unconsolidated  deposits  encouiitered  at  many 
of  the  sites.  This  is  attributed  to  severe  attenuation  of  the  hammer 
impact  by  the  loose,  sometimes  dry  near-surface  materials.  Refinements, 
however,  are  being  made  in  portable  hammer  seismic  equipment,  such  as 
the  development  of  multi-channel,  signal-enhancement  units.  Use  of  the 
improved  units  may  permit  more  efficient,  higher  resolution  surveys  to 
be  conducted.  The  seismic  data  were  useful  in  some  situations  in 
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correlating  shallow  data  obtained  in  the  other  surveys.  The  hammer 
seismic  equipment  performed  best  in  the  upland  terrain  of  the  Red  River 
Lock  and  Dam  No.  3 site,  probably  oecause  of  the  higher  consolidation  of 
the  earth  materials,  and  in  the  Metairie  Outfall  Canal  area,  where  the 
saturated  sands  of  the  buried  beach  deposit  transmitted  the  low-energy 
seismic  signals  better.  Another  apparent  problem  with  the  hammer 
seismic  surveys  was  the  masking  of  deeper  materials  by  a low-velocity 
intermediate  layer,  as  at  the  Old  River  and  Inner  Harbor  Navigation 
Canal  sites.  The  likely  presence  of  low-velocity  intermediate  zones 
should  be  recognized  in  using  the  refraction  seismic  method  in  alluvial 
deposits . 

50.  Man-made  structures,  in  this  case  a steel  sheet  pile  cutoff 
wall,  proved  to  be  a major  obstacle  at  one  site  (Inner  Harbor  Navigation 
Canal)  and  hampered  surveys  at  another  (Metairie  Outfall  Canal).  Such 
features  are  expected  in  urban-  areas  but  will  have  to  be  avoided 
wherever  possible.  Where  subsurface  features  of  sufficient  areal  extent 
are  being  investigated,  alternate  survey  sites  should  be  selected  to 
avoid  troublesome  man-made  structures  that  may  be  present. 

51.  None  of  the  three  methods  discussed  can  yield  unique  inter- 
pretations without  substantial  subsurface  truth  data  such  as  exploration 
trenches  or  drill  hole  data.  These  data  are  needed  to  establish 
lithologies,  resolve  the  equivalence  (ambiguity  of  interpretation) 
inherent  in  the  resistivity  methods,  and  develop  a degree  of  confidence 
in  the  surveyor's  interpretations. 
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Figure  1.  Locations  of  geophysical 
test  sites 


Figure  2.  Bison  Model  15T5-B  seismograph,  strip  chart 
recorder,  hammer,  and  striking  plate. 
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Figvire  3.  Keck  Model  IC-69  resistivity 
meter,  cable  reels,  and  electrodes. 


Figure  6»  Map  of  Old  River  site 
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Figiire  ?•  Geologic  map.  Old  River  outflow  channel  area 
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Figure  8,  Geologic  cross  section  in  vicinity 
of  geophysical  traverses.  Old  River 
site  (from  References  10,  11,  and 
12) 
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Figure  10.  Graph  of  resistivity  profile 
Old  River  outflow  channel 
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Figure  12.  Field  curve  and  interpretation,  resistivity 

sounding,  east  of  clay  plug,  Old  River  outflow 
channel 


a.  HAMMER  STATICN  tO  FT  FROM  GEOPHONF,  TRAVEL  TIME  = 21  .B  MSEC 


b.  HAMMER  STATION  75  FT  FROM  GEOPHONE,  TRAVEL  TIME  = 63.9  MSEC 


C.  HAMMER  STATION  80  FT  FROM  GEOPHONE,  TRAVEL  TIME  DIFFICULT 
TO  DETERMINE 


Figure  l4.  Strip-chart  records  for  compression  wave  arrivals  at 

three  hatnraer  stations,  clay  plug  seismic  line,  Old  River 
outflow  channel.  Signal  quality  degenerates  from  a , to 

c. 


Seismic  refraction  data,  sta  2,  Old  River 
outflow  channel,  line  running  east  to  wes' 


Figure  17.  Seismic  refraction  data,  sta  2,  Old  River  outflow 
channel,  line  running  west  to  east 


Figure  l8.  Ifypothetical  cross  section  to  explain  time- 

distance  curves  produced  by  seismic  refraction 
line  at  sta  2,  Old  River  outflow  channel 
(Figures  16  and  17)«  Direct  wave  arrives  befor 
refracted  wave  at  every  impact  point 
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Figure  20.  Geologic  mp,  Lock  and  Dam  No,  3 site 
(Boyce  15  min  quad) 
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Figure  2k,  Field  curve  and  interpretation,  resistivity 

sounding,  sta  2,  Lock  and  Dsun  No»  3 site.  Red  River 


Figure  26,  Seismic  refraction  data,  sta  1,  east  to 

west  line.  Lock  and  Dam  No.  3 site.  Red  River 


Figure  28,  Seismic  refraction  data,  sta  2 
Lock  and  Dam  No,  3 site.  Red 


on  ftcifiitiic  sts  2j  lock 

and  DaxQ  No#  3 Bite,  Red  River 
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Figure  31,  Field  curve,  resistivity  Bo\anding, 

Inner  Harbor  Navigatioua.!  Canal  site 
New  Orleans 
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Figure  33.  Geologic  section  (map  inset)  near  Inner  Harbor 
Navigation  Canal,  New  Orleans,  showing  marsh 
and  swamp  deposits  and  interdistributary  clays 
overlying  buried  beach  sajius  (from  Reference  13 ) 
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Figure  3^.  Geo].ogic  sf^tion  in  vicinity  of  Metairie  Outfall 
Carnal  (section  is  along  Pontchartrain  Blvd,), 
showing  portion  of  geophysical  traverses  relative 
to  the  bviried  beach  (modified  from  Kefei*ence  13 ) 
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Figure  35,  Map  of  Metai.ie  Chitfall  Canal  site,  New  Orleans. 

Borings  delineate  position  of  geologic  section  o 
Figure  3^ 


Seismic  refraction  data,  base  of  levee, 
Metairie  Outfall  Canal  sits,  Ne-w  Orleans 
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Figure  42.  Resistivity  profile  graph,  Nine  Mile 
Point  site,  Nev  Orleans 


Figiire  U3,  Seisidc  refraction  data,  sta  1, 

Nine  Mile  Point  site.  New  Orleans 


Figia-e  Field  curve,  resistivity  sounding, 

stf  1,  Nine  Mile  Point  site,  New  Orleans 
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47.  Seismic  refraction  data,  sta  3» 

Nine  Mile  Point  site,  New  Orleans 
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In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 
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